Boron Chelate, Azomethine, Crystal Structure, UV Spectra, NMR Spectra 2-Aminophenol, salicylaldehyde and diphenylboric anhydride react in methanol to form a fluorescent, chelate-like azomethineboron compound containing methanol.
Introduction
Chelate-like boron compounds of salicylaldehyde azomethines could be obtained by Umland and Schleyerbach as early as 1965 [2] , Lateron further chelates were synthesized [3, 4] and examined spectroscopically [5] [6] [7] to obtain information about the influence of the amine, carbonyl and boron components on the formation and stability of these chelates. Since these chelates were synthesized in one step out of the components, full details on their structure were desirable.
The formation of these chelates and their properties allows some analytical application, e.g. primary alkylamines can be separated and identified by chromatography (thin-layer [1] as well as column chromatography [8] ) after chelating them into salicylaldehydeazomethine-diphenylboron chelates. After their reaction with salicylaldehyde and diphenylboric anhydride simple primary amines without further reactive groups yield chelates analogous to A with a six-membered ring and O-B-N coordination. On the other hand, a primary amine containing a group sterically enabled for condensation, as 2-aminophenol, could as well form a chelate ring B using the amine-part of the molecule together with the free OH group of the salicyl-* Reprint requests to Dr. E. Hohaus. For Structure Factor Lists and complete atomic parameters write to Prof. Dr. R. Allmann. 0340-5087/82/1100-1450/$ 01.00/0 aldehyde component. Therefore the formation of chelate B could not be excluded, as 2-aminophenol forms a diphenylboron chelate [9] . In analogy with the chelates obtained from aniline and n-alkylamine the form A was favored for this chelate [2] ,
Another aspect calling for this investigation was as follows: The elementary analysis of the chelate gave C-and H-values [10] not fully consistent with the assumed formula C25H20BNO2. Furthermore, syntheses in methanol and ethanol yielded different points of decomposition indicating the taking up of alkanol into the chelate structure [11] . The application of chemico-analytical methods with organoboron reagents as developed by Köster at the Max-Planck-Institut für Kohlenforschung, Mülheim/ Ruhr, ( [4] and there cited literature), gave this significant, analytical result that in the chelates two acidic hydrogen atoms are contained. This result initiated the following investigations. The rather high point of decomposition (159 °C) of the methanol compound and its behavior on thermogravimetric analysis indicate a rather strong fixation of methanol to the chelate molecule.
Synthesis of 3-(2-hydroxyphenyl)-2,2-diphenyll-oxa-3-azonia-2-boratanaphthalene-methanol (1/1) 3.5 g (0.025 moles) salicylaldehyde, 4.32 g (0.0125 moles) diphenylboric anhydride and 2.73 g (0.025 moles) 2-aminophenol were dissolved in 125 ml methanol and heated for 15 min at the boiling point (reflux). On cooling yellow crystals were obtained (74% yield), which after a triple recrystallization in methanol showed decomposition at 159 °C. 2-(Salicylideneamino)phenol, needed for spectroscopic comparisons, was synthesized accordingto [12] .
Starting from 2-(salicylideneamino)phenol and diphenylboric anhydride in methanol, the chelate can also be obtained.
The In contrast to 2-(salicylideneamino)phenol, which is colored red-orange, the dispersed chelatemethonal adduct is lemon-yellow and fluoresces yellow-green intensively.
Spectroscopic Investigations a) UV spectra
The following absorption maxima were measured in dichloromethane p.a. The position of the long wavelength absorption maximum depends on the substituent R on the azomethine nitrogen atom: R = n-alkyl: ca. 380 nm; R = 2-C1C6H4, 2-CH3C6H4, and CeHs: ca. 340 nm [6] . The substituent R = 2-HOC6H4 with 353 nm fits well into this series interms of its electronic properties. b) IR spectra (intensities: s=strong, m = medium, w = weak, b = broad band). The asymmetrical absorption band at 3360 cm -1 (m,b) can be attributed to the OH valence vibrations of the methanol molecule and the phenol group. Its maximum shifts to 3316 cm -1 (m) when the KBr disc is cooled to about -160 °C. To prove that this effect was not induced by the KBr matrix, the chelate was suspended in poly-(chlorotrifluoroethylene)oil, and the absorption maxima were measured at 3350 cm -1 (room temp.) and 3305 cm -1 (low temp.), respectively. The relatively low frequency of the OH band as well as its positive temperature coefficient indicate the existence of intermolecular hydrogen bonds. Another questionable band (w), which could belong to the more strongly bonded phenol group, was found at 2730 cm -1 (room temp, in KBr, 2740 cm -1 at low temp.). The OH bands of 2-(salicylideneamino)phenol are described in [13, 14] . The band of the 0-0 valence vibration of the methanol was found at 1028 cm" 1 (s). From the relative intensity of the CH3 signal it follows that about 1 mole of methanol is attached to the chelate. The assignment of the signals at «5^9 ppm to the CH groups of the azomethine follows from the study of several azomethine-diphenylboron chelates [6] . The interpretation of the singulet at <3 »10 ppm as belonging to OH of the "2-aminophenol" component results from comparing it with data on other chelating agents N-salicylideneaniline and similar salicylaldehyde azomethines absorb > 13 ppm. Hence the 14 ppm singulet of 2-(salicylideneamino)phenol evidently belongs to the OH proton of the "salicylaldehyde" part. As the chelate itself absorbs only at <5 ~ 10 ppm, the chelate must exist in the form A.
The deshielding zld 13 C of the azomethine carbon atom at formation of the chelate is about 6 ppm. In comparison the corresponding J<3 13 C values for the compounds derived from anilin and 4-toluidin are about 2 ppm [6] .
Thermogravimetry
The thermal decomposition graph of the finely powdered substance exhibits a flat step between 92 and 116 °C, corresponding to 7.75% loss of weight. The calculated value for the liberation of methanol from a chelate-methanol(l/l) adduct is 7.83%. This result supports the assumption that methanol is released before the elimination of benzene, leading to the formation of the monophenylboron chelate with two chelate rings around the boron atom [3] .
The spectroscopic findings prove the compound to actually exist in the form A described by Umland et al. [2] , i.e. as a six-membered chelate ring. Furthermore the data demonstrate that after recrystallisation in methanol a chelate-methanol( 1:1) adduct is obtained. The recrystallisation from methanol, the point of decomposition at 159 °C as well as the elemental analysis [10] show the isolated compound to be a methanol adduct and not the simple chelate. To elucidate the structure, which enabled the bonding of the methanol, an X-ray structural determination was undertaken.
To obtain crystals suitable for a crystal structure analysis, the product was dissolved to near saturation in methanol at 60 °C (flask with reflux cooling and CaCk drying tube). The solution was cooled 120 hours in a water bath to 20 °C in increments of 2 °C.
Experimental Part (Spectroscopic Investigations)
UV spectra: Varian UV-VIS-spectrophotometer 634 (1 nm aperture width).
IR spectra: Perkin-Elmer IR spectrophotometer 580 (pressed KBr discs with about 5 mg substance/g KBr). The low temperature spectra were obtained with the same KBr discs. X H NMR spectra: Bruker WP80 (80MHz), solvent: (CD3)2SO. TMS as internal standard for 6 values. 13 C NMR spectra : Bruker WP80 (20.16 MHz) and Bruker WH-400 E (100.61MHz), solvent : (CD3)2SO (= 39.5 ppm).
Thermogravimetrv: Thermogravimetric Analyzer 951 TGA of Dupont Comp., heating rate 2 °C/min. N2-atmosphere.
X-Ray structure determination
All measurements were performed on a Philips 4-circle diffractometer PW 1100 (MoKa-radiation. graphite monochromator. w/20 scan, 0max = 21°, scan width in 0 = 1.2°). The lattice constants were determined as: a = 8.815(4), b = 17.309 (8) . c = 28.992(13) Ä, space group Pbnb. V = 4423.6 A 3 . Dm = 1.226(1), T>x = 1.229 g-cm -3 for Z = 8 formula units C25H20BNO2 • CH3OH per unit cell. 2374 inderendent reflections were measured, 464 of these were unobserved; i.e. F0 < -C min
The non-H atoms were located by the MULTANprogram. After some cycles of refinement (blockdiagonal approximation), the positions of the hydrogen atoms were calculated assuming C-H = 1.0 Ä and normal bond angles. These positions were checked by a difference Fourier synthesis and were found to be correct (in CH3OH one C-H bond is about trans to the O-H bond). The final R-value using anisotropic temperature factors (isotropic for H) is 5.5% for the 1910 observed reflections, 75 out of the 464 unobserved reflections were calculated greater than Fmin. The atomic form factors from Internat. Tables, vol. IV, and individual weigths were used (7?w = 5.1%). The final coordinates are given in Table II .
Discussion of the Structure
The heterocyclic ring is a six-membered ring B1-02-C3-C8-C9-N10 and not a five-membered ring B1-017-C16-C11-N10 (see Fig. 1 atom about 0.68 A out of the best plane through atoms 2-10 (for torsion angles and dihedral angles see Table III ). The imine-bond C9-N10 = 1.30 A is somewhat longer than an isolated double bond (bond order -1. This system of hydrogen bonds forms chains in ^/-direction. The surrounding of the methanol molecule is given in Fig. 3 .
All other distances and bond angles are about normal (see Table III ). The phenyl ring 021-26 is equatorial, the ring 031-36 axial to the half chair heterocylic ring. 
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